Moss is the name given to low lying ( 3000 km), hot ( 1 MK) solar coronal plasma that has recently been observed by the Transition Region and Coronal Explorer (TRACE). This paper investigates two hypotheses regarding the nature of the moss: (1) emission from small, million degree loops; (2) emission from the legs of 3-10 million degree loops. We update the coronal radiative loss curve, using the most recent results for coronal abundances, and use an analytical loop model to nd that the rst hypothesis requires a lling factor close to unity to reproduce the observed emission measure, while the second hypothesis results in a lling factor of about 0.1, in agreement with other independent multi-wavelength analyses of moss. We nd that the vertical extent and the height of the moss layer above the limb are also very well reproduced with the second hypothesis. We further show that the observed brightness of the moss scales linearly with the loop pressure and lling factor, independent of the loop length, and we derive a general expression for the conversion factor.
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Introduction
Recent observations by the Transition Region and Coronal Explorer (TRACE) reveal patches of low lying EUV emission above active region magnetic plage, which has been Di Matteo et al. (1998) also study much smaller loops, only a few SXT pixels long, and nd that the lling factors of these loops found from NIXT images are much smaller than those from SXT data. Inasmuch as the NIXT lling factors refer to the body of the loop, not its footpoints, there is no contradiction with the results of this paper, which refer to the brightness of TRACE 171 A \moss" at the footpoints of SXT loops. The low lling factor found from NIXT data in the body of SXT loops is, in our view, an interesting result, that deserves further theoretical study. With regard to the present work we emphasize that both Peres, Reale, & Golub (1994) and Di Matteo et al. (1998) nd that the loop brightness in NIXT is a measure for the loop pressure. In this paper we will derive the result that the brightness of the TRACE 171 A \moss" at the footpoints of SXT loops is a linear gauge for the pressure of the overlying SXT loops.
Moss observed in the 171 A line appears very variable on time scales of 10's of seconds and over small length scales (several pixels). Much less variation is seen in the 284 A line, mainly due to the absence of dark intrusions. Our impression from integrations over typical loop radiative cooling times ( 10 minutes) is that the overall moss structure in an area corresponding to a Soft X-ray loop footpoint (several thousands of km across) remains consistent. We believe that the modulations we see on shorter time scales are due to displacement and/or obscuration by moving spicules. Recent TRACE 171 A observations with a 15 second cadence con rm this picture (De Pontieu et al., in preparation) . Therefore we believe that the condition of hydrostatic equilibrium is a reasonable approximation for the upper transition region and higher areas of the Soft X-ray loops to which the bright moss corresponds ).
The alternative explanation that the dark structures are regions for which the plasma temperature has shifted out of the TRACE 171 A passband is unlikely because (1) the thermal timescale of the plasma near 1 MK is a couple of minutes, while the observations have a cadence of 30 seconds (and less more recently), and (2) the TRACE 171 A passband is broader than that at 284 A , while no corresponding dark intrusions are seen in that passband.
In the present paper we propose two possible interpretations of the EUV emission from the moss, namely: (1) emission from a multitude of small static loops with a temperature of 1 MK; (2) emission from the legs of hot (3-10 MK) static loops. We will investigate each of these hypotheses, nding that the second one agrees best with observations. In x 2 we will examine some typical images of moss at the disk and on the limb to determine the brightness and physical dimensions of the moss. The values for these parameters derived from those images will be used to compare with the results from our analytical model calculations.
Going through our calculations we found that several of our quantitative results depend sensitively on the form of the radiative loss function in the corona. Therefore, in x 3 we recalculate and reparametrize this function with the most recent and reliable data available.
Thereafter, in xs 4 & 5, we use an analytical solution for the temperature structure in hot ( 1 MK) coronal loops ) and the loop scaling laws (Rosner, Tucker, & Vaiana 1978) to calculate the expected emission measure and location of the moss under both our hypotheses, and compare that to the observations. Finally, in x 6 we { 6 { demonstrate that the moss emission in EUV lines scales linearly with the loop pressure and lling factor, independent of other loop parameters, such as length and maximum temperature. We derive an expression for the scaling constant that depends only on instrument parameters and constants in the scaling laws, and calculate its value for the TRACE 171 A passband. We show that this result can be used to verify the pressure and lling factor in coronal loops derived from Yohkoh-SXT observations (Porter & Klimchuk 1995) .
Data Analysis
We are concerned with the physical interpretation of the material known as moss, described in the introduction. Given its location in the interior of active regions, it is evident that the moss lies on closed eld structures, i.e. coronal loops. The brightness of the moss analyzed by is 8 DN/pixel/s above the TRACE readout pedestal (De Pontieu 1999, private communication) . It is not hard to nd brighter moss. As an example, we sampled a mossy region observed by TRACE in AR 8563 on 1999 June 6 at 00:59:09 UT in 171 A shown in Figure 1 . We extracted a square region 19 arcseconds on a side, as indicated in the gure. Inside this subarea the mean count rate is < I > = 12.1 DN/pixel/s, with a standard deviation I = 1.9 DN/s. This comprises both bright moss and dark inclusions, the brighter pixels having an intensity of < I > + I = 14.1 DN/pixel/s. Averaging over 6 successive images (00:57:59 -00:59:09 UT), we obtained a signal strength of 14.1 0.1 DN/pixel/s for the moss. This small relative deviation of less than 1% in the time and space averaged signal from the brightest moss pixels, shows that the signal from the bright moss pixels is remarkably steady over areas comparable to the footpoint imprint of a Soft X-ray loop, and over a time scale less than the typical thermal time scale for loops ( 10 minutes). This again supports our impression, mentioned above, that the local variations on short time scales are due to displacement and/or obscuration by moving spicules. It therefore lends further support for the use of the hydrostatic assumption for the loops.
We will use the average value for the intensity of the moss to calculate its emission measure and compare that value to our theoretical results to discriminate between the hypotheses of low lying unresolved loops and of emission from the lower legs of hotter loops observable by SXT.
EDITOR: PLACE FIGURE 1 HERE.
The analysis by shows that plasma of a range of temperatures around 1 MK contributes to the moss emission. The TRACE response as a function of temperature is given by Handy et al. (1999) . We will use half-width and half-max of the response function as a simple approximation in our calculations. The half-max of the TRACE response function in in the 171 A passband (see Handy et al. 1999) equals 5:5 10 ?27 DN per second per pixel per unit column emission measure. The moss emission measure per TRACE pixel ( (350 km) 2 ) therefore equals 3:2 10 42 cm ?3 for 14.1 DN/pixel/s. The contribution to the uncertainty in the value for the emission measure from a single moss pixel from the observations is less than one percent. We estimate the relative uncertainty in the integrated TRACE response function as 30% at the most. Hence the relative uncertainty in the moss emission measure per pixel in the data from Figure 1 is at most 30% as well.
EDITOR: PLACE FIGURE 2 HERE. Figure 2a shows the appearance of one moss region (AR 8333 on 1998 September 17 at 00:29 UT) at the limb. We co-aligned the EUV image with white-light limb image overlain in Figure 2 as follows. A small prominence was visible in Ly-1216 A as a bright structure; the same prominence was visible in the 171 A channel as a dark structure. The structures were similar enough to allow alignment of the images to within one pixel. Plage network near the limb, which was clearly visible in 1216 A, was also visible in white light because of the near-limb eld of view. Alignment between white light and 1216 A was also possible to within one pixel. Adding the uncertainties in the x and y directions we nd an alignment uncertainty of 1.4 pixel, i.e. 0.7 arcsec, or about 500 km.
Measurements along 9 radial cuts, such as the one depicted in Figure 2b , give an average height above the white-light limb of the moss in this region of 2800 km ( 600 km). Measurements of other limb passage events yield similar values. Figure 2a shows the lower legs of quite a few TRACE loops. The location of the radial cut pro led in Figure 2b has been chosen carefully to avoid emission from such loops, in order to produce the radial emission pro le of pure moss. In this pro le we measured the locations at which the 171 A emission just above limb is 50% of the peak value minus the background, and de ned these as the bottom and the top of the moss emitting layer. We found that the moss emission starts at about 1500 500 km above the surface and extends to about 5000 500 km, resulting in a thickness of 3500 700 km for the moss region. The layer is asymmetrical with a very sharp emission gradient at the bottom, and a much more gradual one at the top. Indeed the height of the peak of the moss emission, at about 2800 500 km, is o set towards the bottom of the moss emitting layer. We will show below that this property provides an important clue for the nature of the moss.
Having determined the emission measure and physical dimensions of the moss region, we can now compare these results with model calculations. Before we proceed to do so, we will update the radiative loss curve in the corona, to accurately account for the FIP e ect.
The Radiative Loss Function
We use the coronal abundances determined by Feldman (1992) . Feldman nds a FIP bias (the enhancement, with respect to the photospheric composition, of the ratio of abundances of ions with a low rst ionization potential (FIP) to those with a high FIP) in closed coronal structures and the slow solar wind of up to a factor 4, while he claims no FIP bias in the fast solar wind. Feldman further nds that when there is a FIP bias, the low FIP elements are overabundant in comparison with the photosphere, while the high FIP elements retain their photospheric abundance.
Earlier results by Meyer (1985) , commonly used in radiative loss calculations, account for the FIP e ect by assuming that high FIP ions are underabundant. See Feldman (1998) for a recent review of this issue, and for a description of SOHO results that con rm his 1992 conclusions.
Since the moss emission originates from closed regions, the Feldman (1992) abundances apply. We used those in the radiative loss calculations of Cook et al. (1989) (used in the TRACE and SXT data analysis software) to derive the radiative loss curve shown in Figure  3a . For comparison we show the result based on the Meyer abundances in the same gure.
EDITOR: PLACE FIGURE 3 HERE.
Note that near 1 MK, the peak response for the TRACE Fe IX 171 A line, the Feldman abundances result in a radiative loss rate that is a factor 4 higher than for Meyer abundances. Hence the radiative cooling time at that temperature is a factor 4 smaller than previously thought, and a density derived from an observed radiative loss rate a factor 2 lower. These are signi cant di erences in a quantitative analysis. The TRACE analysis software has been updated to take into account the Feldman abundances. For the upgraded TRACE response function, see Figure 12 in Handy et al. (1999) .
{ 10 { The radiative losses in an optically thin plasma at coronal temperatures are described by E r (T ) = n 2 e (T ); (1) where n e is the electron density, and (T ) is the radiative loss curve as a function of the temperature T, discussed above, and depicted in Figure 3a . This function has often been approximated by a piece-wise series of power-laws, or by a single power-law. For example use the classical radiative loss curve published by Raymond & Smith (1977) , and derive (T ) = 0 T ? ; (2) with = 0.5, and 0 = 10 ?18:8 in cgs units.
A single power-law does not appear, at rst sight, a very good approximation to the curves in Figure 3a . However, as we have pointed out before , because in a hot coronal loop the pressure is nearly constant (as long as the loop height is smaller than the pressure scale height) the electron density in Eq. (1) is not independent from the temperature in a given loop. Therefore we use the gas law for a fully ionized hydrogen dominated gas to eliminate the density and derive the radiative loss curve at constant pressure, depicted in Figure 3b , E r (T ) = P 2 0 (T ) = P 2 0 0 T ?(2+ ) ;
where P 0 (= 2n e kT) is the gas pressure in the loop, with k the Boltzman constant. The parameter 0 equals 0 =4k 2 . The second part of Eq. (3) represents a single power-law t to the curves in Figure 3b , which expresses that for the global loop structure the e ect of the fall-o of density with temperature clearly overwhelms the bumpiness of the radiative loss curve in Figure 3a .
We omitted the rst point at 10,000 K in Figure 3b in the power-law ts because the base temperature of a loop is typically higher than that value. For the remaining 9 points we found a correlation coe cient (e.g. Press et al. 1989, p. 484 ) of -0.983 for the Feldman abundances, and -0.998 for the Meyer abundances, con rming what was evident from inspection. A least squares t for a power-law, i.e. a linear t in the log-log plot (e.g. Press et al. 1989, p. 504) , yields = 0.31 and a 0 = 10 11:45 (c.g.s. units) for the constant pressure Feldman radiative losses, with a mean deviation = 0.37. For the Meyer constant pressure losses we nd = 0.44, 0 = 10 11:72 , and a mean deviation of = 0.33 (implying an expectation value for the deviation at an arbitrary point of a factor of 10 0:33 ). 2 When forcing = 0.5, and again applying a least squares t for the remaining parameter 0 , we nd for the Feldman abundances 0 = 10 12:41 , and = 0.41, and for the Meyer abundances 0 = 10 12:05 , and = 0.34. Since these ts are very nearly as good (in terms of mean deviation) as those with variable above, and since using = 0.5 is computationally much simpler, we will use the latter power-law t in the remainder of this paper.
We emphasize that there can be no \goodness of t" characterization for these results, since the radiative loss data do not represent a random drawing from a parent population, while the errors, if any, in the radiative loss curves are systematic, not random. Any random components in the errors are likely to be very small. Therefore the mean deviations merely indicate the expectation value of the di erence between the loss curves and their power-law ts. Note that these may be rather large (up to a factor 3) for detailed calculations. Therefore, when we need the value of the radiative loss function at a given temperature, we will use the value interpolated from the actual loss curve in Figure 3b . For integrations over a temperature domain we will use the power-law t for the Feldman abundances, to simplify the calculations.
Ironically, after accounting for more than 20 years of steady improvements in the radiative loss curve, we end up with single power-law t that has the same , and with 0 a factor of only 1.23 larger than the one derived by from the results of Raymond & Smith (1977) .
First Hypothesis: Low Lying Million Degree Loops
We assume that moss is contained in relatively short loops, densely packed just above the surface to give the \moss" like appearance. The temperature over most of a loop matches the peak of the TRACE Fe IX/X 171 A passband at 0.95 MK (using Feldman abundances).
Solutions for the thermal structure of static loops, rst published by Rosner, Tucker, & Vaiana (1978) and Craig, McClymont, & Underwood (1978) show that, except near the footpoints of soft X-ray and EUV emitting coronal loops, the temperature in the loop is everywhere close to the maximum temperature at the looptop. The Rosner, Tucker, & Vaiana (1978) scaling law provides a relation between the maximum temperature, T max , the loop pressure P 0 , and the loop half-length L,
where C 0 is a constant of the order of 1450 in cgs units. The analytical result for C 0 will be given in the next section. Using the gas law one nds the typical electron density n 0 = P 0 =(2kT max ). This allows for an estimate of the emission measure per pixel,
Here O is the surface area subtent of a pixel (O (350 km) 2 ), and z 3500 km is the line-of-sight thickness of the moss emitting layer, known from the limb observations { 13 { described above. We nd EM 1 = T 4 max O z 4L 2 C 6 0 k 2 :
The only remaining unknown is L the typical loop half-length in the moss layer. L is derived from the following considerations. Solutions for the temperature structure in the conductively dominated legs of loops indicate that the normalized temperature (T (z)=T max ) scales as the cubic root of the normalized displacement along the loop (z=L); see Eq. (21) and its derivation in the next section. Thus, along a loop with T max 0.95 MK, the temperature reaches 0.65 MK, and shifts into the 171 A TRACE passband, at about 15% of the path to the loop top. In the next section we will show that the base of the loops is located in the chromosphere at about 1300 km above the limb. Hence the transition region between the base and the onset of the moss emitting region is only 200 km thick. Since this corresponds to 15% of L, L must be about 1350 km.
We note that such loops do not extend to the top of the moss emitting region at 3700 km above the base. Therefore larger loops must also be present. Assuming a semi-circular form, we nd that loops that reach the top of the moss region at 3700 km will have a hal ength of about 5800 km. They may have a T max of up to 1.25 MK before they shift out of the 171 A passband. Such loops have a temperature of 0.65 MK at a height of 380 km above the loop base, which in turn is at about 1300 km above the limb. This is not in con ict with a lower limit of 1500 km above the limb for the moss layer.
The average value for L, from the results above, is 3600 km. Using that in Eq. (6) yields EM 1 3:8 10 42 cm ?3 ;
about equal to the observed value (3:2 10 42 cm ?3 ).
Note that we have ignored the loop lling factor here. The lling factor is de ned as the ratio between the emitting volume of a loop and its observed volume. It allows for { 14 { the possibility that the observed loop is an ensemble of tiny emitting strands below the resolution of the imager used. For a loop with a given, observed, maximum temperature and loop length, a lling factor of less than unity reduces the emission measure by the same fraction. Moreover, we have assumed that the loops themselves ll the moss emitting region densely. Hence the result in Eq. (7) is an absolute upper limit under our rst hypothesis.
Thus we nd that an ensemble of short million degree loops with a typical half-length of the order of 3500 km, densely lling a layer between 1500 and 5000 km above the surface, and a lling factor close to unity, can barely explain the \moss" emission measure observed by TRACE. A more realistic lling factor of the order of 0.1, as reported by , cannot be accounted for in this model. Therefore we reject the hypothesis of this section.
Second Hypothesis: Upper Transition Region of Hot Loops
Suppose now that moss emission originates from the lower part of hot (i.e. T max 3 MK) loops observed by Yohkoh-SXT, as suggested by Berger et al. (1999) . From SXT images we know that both length and diameter of these loops are much larger than a TRACE pixel area subtent, so one \mossy" pixel can be completely inside one loop.
Assuming we are looking at a loop from above (i.e. not too close to the limb), the emission measure per pixel is given by Eq. (5). z, the line-of-sight thickness of the moss emitting layer, is known from observations at the limb, mentioned above, and can also be calculated from theory (see below). The moss density can be eliminated for the pressure with the gas law, which yields EM 2 = P 2 0 zO 4k 2 T 2 0 :
T 0 , the TRACE peak response temperature in 171 A channel, is about 0.95 MK so the only { 15 { unknown parameter left is the loop pressure P 0 .
Porter & Klimchuk (1995) studied a set of 47 non aring loops observed by Yohkoh-SXT and found a median pressure of 2.2 dyne cm ?2 , with a maximum value in their ensemble of 35.9 and a minimum of 0.29 dyne cm ?2 . The maximum temperatures of these loops range from 1.5 to 35 MK, with a median of 5.9 MK, and the loop hal engths are between 20,000 and 200,000 km. Using the median pressure we nd EM 2 3:0 10 43 cm ?3 ;
about 9 times higher than the emission measure observed by TRACE. This indicates a lling factor of the order of 0.1, similar to the one found by Fletcher & De Pontieu (1999) from CDS observations, and consistent with the range of lling factors (10 ?3 -1) for SXT loops found by Porter & Klimchuk (1995) . A loop pressure of 0.7 dyne cm ?2 , which applies to the faintest loops observed in the Porter & Klimchuk survey, would result in a a moss lling factor of unity according to the calculation above. However, the moss we looked at in x 2 is very bright, and Berger et al. (1999) have shown that the brightest moss corresponds to the brightest SXT loops. Hence we nd it unlikely that our results would be compatible with a lling factor of unity. Nevertheless a detailed comparison between simultaneous and co-spatial TRACE and SXT images is needed to establish this with certainty.
Is this result consistent with the temperature structure found in loop models, and the emission measure derived therefrom? Let us recapitulate these models. The energy equation of a loop in hydrostatic and thermal equilibrium is dominated by a balance between heating, radiative losses, and conductive heating or cooling, i.e. (Rosner, Tucker, & Vaiana 1978) 
Here the rst term represents the divergence of the conductive ux, which can be a heating or cooling term, the second term is the unknown heating function, and the the third term is the radiative loss function, from Eq. (3). z is the position along the loop, which is assumed to follow the magnetic eld. Conduction across the magnetic eld can be shown to be negligible. 0 is a constant with value 1:1 10 ?6 erg cm ?1 K ?1 (Chapman & Cowling 1939; Spitzer 1962) .
With the boundary conditions that the temperature and conductive ux vanish at the bottom of the loop, and the constraints that the temperature increases monotonically until its maximum value at the looptop, that the heating is constant per unit volume, and that the gas pressure is constant, the following analytical solution has been derived for the temperature structure at the base of stellar winds by Martens (1981) , and applied to solar coronal loops by 
while x = 1 de nes the complete function. We have not been able to reproduce the di erent analytical solution for T(z), derived under the same assumptions, given by Rosner, Tucker, & Vaiana (1978) .
An analytical expression for the constant in the scaling law is given by ; from their Eqs. (6) and (8) 
Using the numerical values for 0 and 0 given above, we derive the value used throughout this paper, C 0 = 1450 K (erg=cm 2 ) ?1=3 :
{ 17 { Note that the energy equation (10) is a second order nonlinear ordinary di erential equation. However, from physical considerations usually three boundary conditions are imposed: vanishing temperature and conductive ux at the bottom, and vanishing conductive ux at the top. Therefore, mathematically speaking, the system is overdetermined, and hence solutions can only be found for a speci c combination of the parameters in the energy equation. That combination represents the often invoked rst scaling law, Eq. (4). Rosner, Tucker, & Vaiana (1978) also derive a second scaling law, of the form E h = C 1 P 7=6 0 L ?5=6 ; (15) which expresses that for a vanishing conductive ux at the top and the bottom of the loop the average heating in the loop E h equals the average radiative losses. This result is not dependent on any assumption of vanishing temperature at the bottom of the loop, and hence has no relation to the system being overdetermined. C 1 is a constant depending on the temperature pro le. An analytical result for its value can be obtained from Eq. (5) in , C 1 = 7 0 2C 5=2 0 = 1:1 10 5 (c:g:s: units); (16) for the values of C 0 and 0 derived above.
For a typical SXT loop from the set studied by Porter & Klimchuk (1995) (P 0 2.2 dyne cm ?2 and L 6 10 9 cm), we nd E h 2:2 10 ?3 erg cm ?3 s ?1 ; (17) which is considerably smaller than the radiative losses near 1 MK, which, from Eq. (3) and Figure 1b , are of the order of 0.29 erg cm ?3 s ?1 . To satisfy the energy equation (10), the remainder has to be provided by the divergence of the conductive ux. As the temperature decreases towards the base of the loop the relative contribution of the heating function decreases even further.
{ 18 { Therefore one can ignore the heating function for temperatures of 1 MK and lower in typical SXT loops considered here. Doing so yields a simple expression for the thickness of the emission region in any passband in that temperature range, that we will derive below.
Ignore the heating term in Eq. (10), and introduce the normalized variables x = z=L, and = (T=T max ) 7=2 . Energy balance reduces to 00 = ?5=7 ; (18) with the double prime denoting double di erentiation, and the dimensionless constant de ned by = 7P 2 0 L 2 0 2 0 T 6 max = 7( B(1:2; 0:5) 5 ) 2 = 0:90:
Here the third term is derived from applying the scaling law once more, and using Eq. (13) to eliminate C 0 .
This equation can be trivially integrated. With 0 and 0 0 denoting the boundary conditions at x = 0, the footpoint of the loop, we nd 
Assume a lower boundary temperature of 10 5 K. The conductive ux at that boundary F c is of the order of 0 T 7=2 0 =d, with d denoting the thickness of the transition region below 10 5 K. For d 100 km we nd ( 0 0 ) 2 10 ?4 , and 7 2=7 0 0:2. In the region of interest, T 1 MK, the rst term in the denominator is of the order of 2, and therefore we can ignore the boundary terms in the integration of Eq. (20). Thus
which is in agreement with the full solution for the temperature structure, Eq. (11), within 0.5% up to 1 MK for T max 3 MK. It has the advantage of being independent of the { 19 { value and form of the heating function, and of being easily manipulated to calculate other parameters, such as the di erential emission measure.
The thickness of the moss emitting region in the 171 A passband, z, is determined by the response function of the Fe IX/X lter for that passband. That function is well known, and part of the TRACE analysis software . For the present calculation it is su cient to assume a constant response in a temperature region from T 1 to T 2 around the peak response T 0 . We nd z = L 6 r 7 T 3 2 ? T 3
Note that this expression can be simpli ed even further by using the scaling law, Eq. (4):
We prefer this expression because it is independent of T max , a parameter that is not very well determined from the broadband SXT lter ratios.
For T 1 = 0.65 MK and T 2 = 1.25 MK, the temperatures at which the TRACE response has fallen to 50% of the peak value in the 171 A passband, we nd z = 2560 P 0 km;
for P 0 expressed in dyne cm ?2 . This is in good agreement with the observed value for z of about 3500 km for the lower tier of the range of the observed SXT loop pressures reported by Porter & Klimchuk (1995) . We emphasize that the observed moss on the limb very likely originates from an ensemble of loops along the line-of-sight, with a variety of pressures. Therefore, the gradual decrease of moss emission with height is to be expected, as, according to Eq. (24), with increasing height fewer loops with lower pressure contribute to the moss emission. Indeed, we nd that the lowest SXT loop pressures cited by Porter & Klimchuk (1995) ( 0.29 dyne cm ?2 ) yield z 9500 km, similar to the height above the { 20 { limb ( 8800 km) at which the moss emission peak vanishes into the background again (see Fig. 2 ).
The calculation of the height of the lower boundary of the moss emitting region above the photosphere is more subtle. First, we recognize that the base of an X-ray loop is not located as deep down as the = 1 layer in the photosphere. The gas pressure at that point is of the order of 10 5 dyne cm ?2 , much larger than any coronal loop pressure, even in ares. The loop atmosphere meets the chromosphere at the location where the pressure in the loop matches that of the chromosphere { if the pressure in the loop were higher than that of the chromosphere below, the loop atmosphere would expand downward until equilibrium is reached, and vice-versa. The interface is at the loop base, where the conductive ux vanishes, and where the minimum loop temperature is attained. This minimum temperature must match that of the chromosphere at the interface as well. Numerical models that incorporate a model chromosphere must, and do, meet these conditions (e.g. Belien, Martens, & Keppens 1999) .
The pressure in the loops considered in this section is of the order of 2.2 dyne cm ?2 , which matches that of the reversing layer model of the photosphere/chromosphere at about 1300 km (optical depth = 2 10 ?6 ) above the solar surface (Allen 1973) . Add to that the thickness of the region between the base of the loop and the bottom of the moss layer ( 200 km), which follows by setting T 1 =0, and T 2 =0.65 MK in Eq. (23) above, and use again the median loop pressure. The result is a height of about 1500 km above the limb for the bottom of the moss emitting layer, in good agreement with the observed value of 1500 500 km.
Note that we have found that the base of typical X-ray loops is deep down in the chromosphere. Therefore, in a static situation, the upper half of a classical chromosphere is absent at the base of such X-ray emitting loops. Note also that the location of the { 21 { loop base above the limb is rather well determined in any model for the photosphere and chromosphere by the simple fact that the scale height in these layers is only of the order of 100 km, so that the pressure varies orders of magnitude over rather short distances. This explains why the moss emission increases so steeply with height at the bottom of the moss emitting layer: all the loops along the line of sight, despite fairly large variations in their pressure, start contributing to the moss emission over a very narrow interval in height.
We conclude that our second hypothesis produces a very reasonable estimate for the moss emission measure, for a lling factor of the order of 0.1. More importantly, the height of the base and the top of the moss emitting layer, known from limb observations, is reproduced with great accuracy. Hence we conclude that our second hypothesis agrees better with observations than the rst. This is consistent with the fact, already pointed out by Berger et al. (1999) , that moss is only observed in regions at the base of complexes of SXT loops.
Discussion
Here we point out several implications of our results, a detailed analysis of which is beyond the scope of our paper.
First, we draw attention to the prediction that the observed moss emission measure scales linearly with the loop pressure and lling factor in our second hypothesis. Use Eq. 
an expression that, except for the product of loop pressure and lling factor fP 0 , depends solely on instrument parameters (T 0;1;2 and O), and constants. Note in particular that this { 22 { result is independent of the loop length or temperature. Thus we have found, in agreement with Peres, Reale, & Golub (1994) and Berger et al. (1999) , and complementary to the results of Di Matteo et al. (1998) 
where DN is the TRACE digital number readout per pixel per second above the background pedestal. We emphasize that this result only applies for moss observed from above, i.e. moss observed near disk center, or for digital number counts correct for the geometrical factor due to the non-perpendicular angle of of observation.
A most interesting consequence of Eq. (26) above is that it provides a means of comparing the lling factor obtained for the high temperature part of a Soft X-ray loop to that for the upper transition region of the same loop. Martens, van den Oord, & Hoyng (1985) , in analyzing hot ( 10 MK) loops observed by the Dutch Hard X-ray Imaging Spectrometer onboard SMM, and, independently, Porter & Klimchuk (1995) analyzing loops from Yohkoh-SXT, used the scaling laws and gas law to determine the density from the observed loop lengths and maximum temperatures. The value of the emission measure was then was calculated by multiplying the density squared with the observed loop volume (loop length times cross-section). This implicitly assumes constant emission over the whole volume, i.e. a lling factor of unity. A good estimate for the true lling factor then was obtained by dividing the actually observed emission measure by the calculated result given above. Using the moss observations by TRACE one can now use the same loop pressure, determined from the scaling laws, to nd an estimate of the lling factor in the moss, from { 23 { Eq. (25). The key point is that in the canopy the magnetic eld spreads out from lling only a small fraction of the plasma volume to permeating all of the volume in the corona above. Let us de ne a magnetic lling factor, f mag , in the canopy. Its value must be larger than the fraction of the volume occupied by ux tubes in the photosphere, and smaller than unity, the magnetic lling factor in the corona. De ne the regular lling factor insidea given loop at 1 MK as f 0 , and that of the same loop at the top as f top . Without any change in the cross-section of the loop, f 0 must be equal to f top . However, if we suppose that the 1 MK temperatures occur in the upper part of the canopy, then the loop cross-section, and hence the magnetic lling factor at that point, f mag , comes into play, f 0 = f top f mag : (27) Since the magnetic lling factor high in the corona is unity it must be true that f top f 0 , which can be veri ed from observations. For TRACE and SXT this requires simultaneous observations, coaligned within one SXT pixel at least, a criterion that now is routinely met in coordinated TRACE and SXT observations. In addition one has to allow for the possibility that within one loop several strands of di erent temperatures exist, which complicates the interpretation of the lling factors found.
Our solution for the temperature structure in the transition region, Eq. (21), scales as T / z 1=3 , and therefore the Di erential Emission Measure (DEM), de ned as DEM / N 2 e dT=dz / P 2 0 T 2 dT=dz , is at, i.e. scales as z 0 , in the conductively dominated loop legs (see also Eq. (C4) of Rosner, Tucker, & Vaiana (1978) ). It has been known for a long time that this theoretical result is only consistent with observations over a small temperature range (e.g. Vesecky, Antiochos, & Underwood 1979) . Indeed the CDS moss observations of show that the DEM of moss drops for temperatures below 1 MK to a minimum value lower by a factor 3 at 0.3 MK.
The result of a at DEM below 1 MK depends critically on the assumption of a { 24 { constant loop cross-section. Rabin (1991) has demonstrated explicitly that the form of the DEM changes by introducing a height dependent areal constriction of the ux tube. In particular Rabin has shown that the empirical DEM in the range between 0.2 and 1.0 MK is closely matched by a bowl-shaped funnel with a constriction factor of four. Previous work on the relation between the loop cross-section restriction with height and the form of the di erential emission measure, with often similar results, has been reviewed and discussed in the aforementioned paper by Rabin (1991) .
We suggest therefore that the moss DEM may be used to infer the areal constriction at the base of hot coronal loops, giving an indication of the structure of the magnetic canopy. This inference may be veri ed by observations of the moss at su cient spatial resolution in lines formed at a variety of temperatures.
We conclude that further observations of moss at di erent temperatures can provide a useful diagnostic for the physical structure of the solar transition region.
We thank the anonymous referee for many insightful and constructive comments that have helped greatly improve our paper. We thank our colleagues from MSU and the Lockheed-Martin Solar & Astrophysics Laboratory, Brian Handy, Karel Schrijver, Lyndsay Fletcher, Bart De Pontieu, and their co-authors, for providing us with copies of their papers on moss prior to publication, and for various explanations in private communications. PM thanks Hugh Hudson for enlightning discussions and for suggesting the term \coronal barometer". This paper would not have been possible without the open data policy of the TRACE consortium. This work has been supported by NASA through the TRACE and SXT contracts. Fig. 1 .| A mossy region observed by TRACE in the 171 A passband is shown in the square box. We excluded the dark regions to determine the average signal strength for the moss, shown in the histogram. The moss is a local intensity enhancement, just above the white light limb, very limited in radial extent, and interlaced with 1MK loops of much larger extent. The white-light limb is shown, as is a radial cut through the moss layer. Bottom: White light and TRACE 171 A limb contours along a part of the radial cut. Fig. 3 .| (a) The optically thin radiative loss curve at constant density of the Solar corona for the Meyer (1985) and Feldman (1992) abundances. (b) The same curve at constant pressure. The straight line is the power-law t with slope -2.5 discussed in the text.
